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Outline

* Spin-flavor symmetry in baryons

* Breaking of SF symmetry: |/N¢, mq ordering

* Ground state baryons

* bxcrited baryons: masses, photocouplings, partial widths

e Observations
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Spin-flavor SU(6)
SU(3) x SU(2) ¢ SU(6)

SU(6): non-relativistic dynamical symmetry

Conserved currents only associated with SU(3) x SU(2)spin
Results from decoupling of spin in NROQM

Not good In mesons

Good In baryons

°henomenological successes: Gursey-Radicati mass formula,

-/D=2/3 (Skyrme: 5/9; phen: 0.584+0.04), magnetic moments, excrted

paryon multiplets and observables

SU(6) from QCD: emergent symmetry in large Nc
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SU(6) from consistency in large Nc

for large N :
Mbaryon — O(Nc) dgn BB’ — O( \V, Nc)

need contracted SU(6) symmetry in large N
(Generators: (e, g, Gial
Breaking of SU(6): expansion in|/N¢ and ms-my
At large N SU(6) plays a key role in baryons:

s N¢ =3 large enough!?

Can only be tested through phenomenology and
lattice QCD




|/Nc at baryon level: expansion with effective
operators built from generators of SU(6)

Bases of operators for masses, amplitudes, etc

|/Nc order of effective n-body operators:

v=n—1—kK

Ground state baryon masses: 8 and |0

C 3 Mg — My, d
M _ NC | HF 52 . _NC L ;
GS C1 NC ( A ) CSs A

Gursey-Radicatl

S+ O(1/Ng;ms/Ne)

Fffective coefficients encode the QCD dynamics
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Parameter iIndependent relations
9,
Linear relations e Z a;A; =

. . 0?
E i =
Quadratic relations oD a 0

1

Accurate to given order In expansions

Example: GS baryon masses

> — A =0(ms/N,) 74 MeV
GMO =Z5—Yg=3(BA—-X5)— N 128 vs 141 MeV
ES 210 — A = ElO — ElO 153 vs 145
7 O~ — =10 =210 — 210 142 vs 145

8-10 210 — 28 = ElO — Eg 212 vs 195
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Excrted baryons

extend to SU(6)xO(3)

O(3) symmetry breaking is relatively small from phenomenology

Excrted baryons organized in SU(6)xO(3) multiplets
56,07, 56,27, [70,17], etc

Configuration mixings organized in powers of |/Nc :

expected to be small but poorly understood; new Insights
from lattice (HSC)

Sufficient phenomenology for useful |/Nc analyses
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[56,2" ] mass relations

Mass operators @ O( /N, mgq ):
| LO, 2 NLO, 3 SU(3) breaking

22 PIRs: / can be tested

[56,2T]  masses [MeV]
State  1/N, PDG

N3 /2 1674+ 15 1700 £ 50
A3 /o 1876 =39 1880 £ 30
Yi3/2 1881+ 25  (1840)
S5 2081 £57

Nsj» 1689114 1683 L8
As /2 1816 =33 1820+ 5
Yi5/2 1920 +£24 1918+ 18
Sy 1997 £ 49

Ay, 1807132 189 £ 25
S, 2068452

e 223788

Qrjp 2408+ 127

Ay 1906 + 27 1935+ 35
Zg/z 2061 +44  (2080)
=, 2216476

Qzp 2373110

Ay 1921121 1895+ 2
S,  2051+£37 (2070)
=,  2181+64

Qs 2313494

AV 1942 £ 27 1950 £ 10
27/2 2036 +44 2033 £8
E,,  2131+76

Qrp 2229 £ 110

O(A/N?) Exp[MeV]
%(AB/Q _A3/2 —N5/2+N3/2) —12 + 33
\V 5_23(A7/2 A5/2 - —(N5/2 — N3/2)) 15+ 15
2—55@7/2 Arj2 — 3(Nsj2 — N3/2)) 24 + 34
= (Asjo — Agja + Tsja — Bgjo — 2T — T p) = 11436
\/_(7 Z3/2"‘527/2 122 2) —7+ 38
\/5(4 21/2 + 272 — 3/2)
O(ms/N?) Exp[MeV]
/—334 <8A3/2 — 8N3/2 F 37A5/2 — 22N5/2 — 1525/2 — 3027/2 -+ 30A7/2) 85+12
2\/E(A5/2 — As/o +3(E5/2 — Xs3/2) — 4(Ns/2 — N3/2)) 34+ 34
(GMO) 2(N +2) 3A+Y
(EQS) S-A = E-%N=0-F
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[ 70,17] mass relations

Mass operators: | LO, 12 NLO, 3 SU(3) break;

Masses [MeV] | 5 Pl RS

State Exp Large N,
Ny /2 1538 £ 18 1541
Ay 1670 =+ 10 1667
21/ (1620) 1637
=1/ (1690) 1779
N3 /2 1523 + 8 1532 O(ms/NZ?;m?)
Asjs 1690 + 5 1676
S 1675 =+ 10 1667 -
=5/ 1823 + 5 \/m (14(A3/2 + A3/2) + 63A5/2 + 36(21/2 + 21/2) 68(A1/2 -+ A1/2) 2725/2)
N/ 1660 =+ 20 2
Allljj 1785 + 65 \/—1 (14(23/2 + Z3/2> +21A5/2 — 95572 — 18(A1/2 + A1/2) 2(Z1j2 + Z172)
=)/ 1765 + 35 \/8_ (142]’1’/2 + 49A5/2 + 23(21/2 + 21/2) 45(A1/2 + A1/2) 19%5/2)
FVZ//Z 1700 + 50 \ 2@ (1425//2 +2885/2 + 11(Z12 + 21/2) 27(A12 + A1/2) 10%52)
A§3/2 \
32
=5/
v s GMO 83p
12\5/2 118727()5jj::15()

5/2 —
= 2(N3/2 —I—:g/g) —SAS/Q —23/2 — —19 T 26 M@V
Ay 1645 =+ 30
X2
E,1,/2 P
Q)9 - (1 690)
A3/ 1720 £ 50 1/2 BaBar 06
59
= .
0y GMO gives M=, = 1779 £ 30 MeV
Wy 1407 + 4 —1/2
A7, 1520 £ 1
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(56,27 ] photocouplings B (M)

All PIRs are accurate up to corrections |/ N

Nucleons

V2 p1/2(1680) + v/2 ny /5 (1680)

=1 FExp:0.19+0.16

V'3 P3/2(1720) + n3,5(1720)

=1 FExp:—-094+3.5

Deltas

Ay /5(1950)
= /3/5=0.77 Eap:0.78+0.15
As,2(1950) / P

V7727 Aq5(1910) — Aq/5(1920) + A /5(1905)
0.484 A /5(1950)

=1  Ezp=1.8440.60

)

M, B2
M5, Ea
M, 3, En4
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| /0,17] photocouplings

PIRs for Nucleons

E|

Mo, B3

. ©08 0, + /2sin 6,

01 = 0.39

V2cosby —sin;

= —1 Erp=-182+2.1

=1 Fxp:1.1+0.3

Violations to Moorhouse rule: *N -4 pry

p1/2(1650)
0,

1 — body, 2 — body

nolds In single-quark transition model
Moorhouse suppressed couplings

2 —Zady
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[/70,17] partial widths
~ Fz A/\QE7T

7; —

relations at LO

0? -
oc,,0c,, Z aili =10

(

LO: S-wave 4 operators, | |-body
D-wave O operators, )

relations valid to N & no SU(3) breaking

NLO correctionsto T'; ~60%
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S-wave relations

S — wave Relation

Exp Test

S — wave
J Mass Liotal r
State (MeV) (MeV) Channel (MeV)
N(1535) 1/2 1535  150(25) N7 67.5(18.8)
Ny 78.75(17.3)
N(1520) 3/2 1520 112.5(12.5)  Am 9.56(4.1)
N(1650) 1/2 1655  165(20) Nr 128(32.8)
Ny 10.7(9.2)
AK  11.55(6.7)
A(1670) 1/2 1670  37.5(125) NK _ 9.4(3.6)
A 6.56(3.56)
St 15(7.5)
A(1800) 1/2 1800  300(100)  NK  97.5(39.5)
A(1405) 1/2 1406 50(2) St 50(2)
S(1750) 1/2 1750 110(50) NK  27.5(20.7)
St 4.4(4.4)
Sn o 38.5(28.1)
A(1620) 1/2 1630 1425(75)  Nx_ 35.6(7.4)
A(1700) 3/2 1700  300(100) Ar 112.5(53)

N(1650)—7N __ N(1535)—7N
N(1535)—»nN — N(1650)—nN
N(1650)—nN _ ¢
S(1750)—ns
N(1535)=nN _ ¢
A(1670)—nA —
A(1620)—>7N

A(1700)—>nA 2/5
N(1535)—7N _ 4
A(1670)—ns
N(1650)—=7N __ A(1670)—7%
A(1670)—nA — N(1650)—nN
N(1650)—7N __ N(1535)—7N
N(1535)—»nN — N(1650)—nN
N (1535)—7 N

N (1650)—7 N

N (1535)—7 N

A(1620)>n N

N (1535)—nN

N (1650)—nN

N (1520)—7A

A(1700)—nA

0.6 £0.2vs4.44+£4.0

0.12+0.14
5.4 £ 3.2
0.29 =0.15
4.4+ 2.5

2.1 0.9 vs 0.8+ 0.6

0.6 £0.2vs4.44+4.0

01 = 0.30 £ 0.08
01 = 0.33 £ 0.08
01 = 0.68 £0.14
03 = 2.48 + 0.08

1.6 = 0.08

1.57 £ 0.08
1.22 4+ 0.14
2.96 = 0.09
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D-wave relations

D — wave Relation Exp Test
sy = 1 0.92 + 0.46
S s = 1/2 0.12 + 0.10
e =1 3.1+1.6
s s = 8/7 1.3+0.6
AT N N T e = | 29412
e e oy = 1| 26512
55 V(1520) o7 N+ 55 N(1700)»mN+ 5 A(1620)>7A _ 4 95 1 1.9

A(1700) =7 N+N(1675) =7 N

D — wave
J Mass Tiotar r
State (MeV) (Mev) Channel (MeV)
N(1535) 1/2 1535  150(25) Ar_ 0.75(0.75)
N(1520) 3/2 1520 112.5(12.5) N 67.5(9.4)
A 13.5(2.7)
N(1650) 1/2 1655  165(20) Ar 6.6(5.0)
N(1700) 3/2 1700 100(50) Nr 10(7.1)
AK  1.5(L5)
N(1675) 5/2 1675 147.5(17.5)  Nm  59(10.2)
AK  0.74(0.74)
A(1690) 3/2 1690 60(10) NKE  15(3.9)
St 18(6.7)
A(1830) 5/2 1830 85(25) NK 5.5(3.4)
Y 46.75(21.9)
2107T 637(64)
A(1520) 3/2 1519  15.6(1) NK  7.02(0.5)
St 6.55(0.45)
$(1670) 3/2 1670 60(20) NK  6.0(2.7)
A 6.0(3.6)
Y 27(12.7)
S(1775) 5/2 1775 120(15) NK  48.0(7.0)
At 20.4(4.4)
Sro 4.2(1.9)
2107'(' 12(28)
A(1620) 1/2 1630 142.5(7.5)  Arm  64.1(21.6)
A(1700) 3/2 1700  300(100) Nr 45(21.2)
Am 12.0(9.8)
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OBSERVATIONS

* | /Nc expansion justifies use of SU(6) symmetry in baryons

* Analyses of various baryon observables to NLO gives consistent picture In
most cases: natural size NLO corrections

* PIRs provide a useful test at given order; some gold plated predictions to |/Ng;
model iIndependent predictions to given order

* New Insights on spin-flavor structure of baryons emerging from Lattice QCD
(HSO)! - promising for testing the |/Nc expansion

* Open Issues: understanding physics encoded In effective constants; configuration
mixings; beyond the Algebra - include EFT dynamics (being done in ChPT)
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